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FOREWORD 

This report i s  submitted to the Astrionics Laboratory of the George C. Marshall 

Space FI ight Center, National Aeronautics and Space Administration, Huntsville, 

Alabama, in  accordance with the requirements of Task Order No. ASTR-LGC-26 

of Contract No. NAS 8-5332. The report i s  one of  a series describing radiation 

effects on various electronic components. This particular report concerns four 

types of  transistors, and one type of f ield effect transistor. The tests were per- 

formed by the Georgia Nuclear Laboratories, Dawsonvil le, Georgia. 
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1 . 0  S U M M A R Y  

Four types of injection type transistors and one type of field effect transistor were 

subjected to a radiation environment. Measurements were made to determine the 

effect of  the radiation on the h and h. parameters of the injection type transis 

tors and on the I 
FE le  
and g parameters of the field effect transistor. 

0 ml DSS' ' ~ l  gm 

The specimens tested were: 

Number TY Pe 

20 2N708 

20 2N708 

20 2N918 

20 2N918 

10 S2N 1486 

20 S2N2412 

29 2N2498 

Manufacturer 

Fairchild 

Fairchild 

Fairchild 

Fairchi Id 

Silicon Transistor Corporation 

Texas Instruments 

Texas Instruments 

Tested at (OC) 

75 

30 

75 

30 

30 

30 

30 

The test data indicated: 

For the in ject ion typo transistors 

(1) Al l  specimens failed (50% decrease in  h ). Ranges of failures were: FE 

TY Pe First Failure Last Fai I ure 

2 N  708 (75' C) 

2N708(30°C) 

2N918(75OC) 

2N91 8(3OoC) 

S2N 1486 

S2N2412 

13 2 

13 2 

14 2 

14 2 

10 2 

13 2 

8 . 8 ~  10 n/cm 

7 . 3 ~  10 n/cm 

5 . 3 ~  10 n/cm 

1.8 x 10 n/cm 

5 . 9 ~  10 n/cm 

2.8 x IO n/cm 

13 2 

13 2 

13 2 

13 2 

IO 2 

13 2 

4.1 x 10 n/cm 

2 . 2 ~  I O  n/cm 

7 . 9 ~  IO n/cm 

3 . 5 ~  10 n/cm 

2.4 x 10 n/cm 

1.6 x 10 n/cm 

1 



FE * (2) Normalized h. decreased in  a manner very similar to normalized h 
l e  

For the 2N2498 f ield e f fec t  transistor 

13 2 
n/cm 

(') 'DSS 15 2 
n/cm . 

remained essentially constant up to an exposure of 1 x 10 

then began to decrease, reaching essentially zero at 1 .7 x 10 

(2) Vp showed a radiation rate ef fect  at a reactor power of  3 megawatts. The 

net effect of the radiation exposure was about a 70% decrease in  Vp. 

(3) Both g and g k  decreased as a result of the irradiation. 
1 m 

0 

(4) A l l  specimens failed (50% decrease in  g ). Failures ranged from 3.0 x 
m 14 2 14 2 0 10 n/cm to 7 . 4 ~  10 n/cm . 

2 



2 . 0  I N T R O D U C T I O N  

The experiment described in this report i s  the fifteenth irradiation o f  electronic 

components and i s  the nineteenth in  a series of radiation effects tests on electronic 

equipment, circuits, and components contemplated for use on a nuclear space ve- 

hicle. Since the use of equipment on this vehicle i s  contingent upon i t s  abil i ty to 

withstand the nuclear environment, the Astrionics Laboratory of the Marshall Space 

Flight Center has undertaken to assure that Government furnished or specified 

equipment w i l l  survive this environment. The equipment i s  to be subjected to the 

expected nuclear environment as simulated at the Georgia Nuclear Laboratories. 

Measurements made on the equipment during the irradiation w i l l  describe its radi- 

ation tolerance. 

The subjects of this test are the types 2N708, 2N918, S2N1486 and S2N2412 trans- 

istors and the type 2N2498 field effect transistor. 

3 
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3 . 0  T E S T  PROCEDURE 

The test specimens were supplied by the Astrionics Laboratory of the Marshall 

Space Flight Center. Throughout the test, 20 of  the 2N708 transistors and 20 of  

the 2N918 transistors were mounted in a controlled temperature chamber adjusted 

to hold the temperature at 75 f 2 C. All the other specimens were mounted i n  a 

controlled temperature chamber adiusted to hold the temperature at 30 f 2 C. 

The specimens were first exposed to a nominal gamma dose of  6.3 x 10 r behind a 

neutron attenuator shield. The shielding was then removed and the test was con- 
tinued until a nominal integrated neutron flux of  2.6 x 10 14 n/cm 2 was accumu- 

lated. At this point the reactor was shut down for a period of  about 15 hours. The 

reactor was then restarted and the irradiation was continued until a nominal inte- 

0 

0 

5 

15 2 
n/cm had been accumulated. The total nominal grated neutron flux of  1.8 x 10 

7 
gamma dose at the end of the test was 1.3 x 10 r. Before, during and after the 

irradiation, measurements were made on non-failed specimens to determine the 

parameters listed in  Table 1. Measurements were also made during the test to de- 

fine the nuclear and temperature environments. 

3.1 TEST SPECIMENS 

The specimens tested are isted in  Table 1. Except for the S2N1486 devices the 

specimens tested were mo rnted on printed circuit boards by the Astrionics Labara- 

tory. The S2N1486 devices were mounted by GNL. Al l  specimens were new units 

and had only been subjected to MSFC receiving inspection. Manufacturers' spec- 

ifications for the specimens are shown in  Table 2. 

mounted vertically in  the radiation f ie ld  to equalize the radiation flux distribution. 

Figures 1, 2, 3 and 4 show the relative positions of the specimens. The environ- 

mental chambers in  which the specimens were placed were located directly adja- 

cent to the reactor for the irradiation. 

The specimen boards were 

5 



I 
3.2 TEST SPECIMEN MEASUREMENTS 

A complete set of data was taken prior to reactor start-up to establish baseline 

data for the test. During the irradiation, measurements were made at a l l  reactor 

power settings. Measurements were also made: 

(a) 

(b) 

(c) 

(d) 

during reactor shutdown for removal of the shield, 

at the beginning and the end of the 15 hour reactor shutdown period, 

upon completion of the irradiation, and 

approximately 66 hours after the end of the irradiation. 

The measurements were made on a l l  non-failed specimens and were performed with 

the test fixture i n  place at the reactor facil i ty. 

3.3 INSTRUMENTATION 

3.3.1 Injection Type Transistor Measurement Circuits 

The measurement circuits for the injection type transistors are shown in  Figures 5, 

6 and 7. The emitters of the test specimens were commoned, and the base and 

collector were commutated into the test circuits. 

In the h. and hFE measurement circuits the feedback loop, including Amplifier A, 

establishes the base current necessary to provide the collector current shown in  

Table 1. Capacitors of 910 picofarads were connected from collector to emitter of 

the 2N708, 2N918 and the S2N2412 specimens on the printed circuit board to pre- 

vent oscillation caused by the inductance and capacitance of the long instrumen- 

tation cables. These were mica capacitors which had previously shown tolerance 

i n  excess of the radiation levels experienced in  this test. The base current was 

measured by the digital voltmeter and h 

l e  

was calculated from these measurements. FE 

6 

b 



With a signal as shown in  Figures 5, 6 and 7 applied to the base, the base to emit- 

ter voltage (V 

the determination of  input impedance (h. ). 

) was measured by an AC voltmeter. These values were used in be 

l e  

3.3.2 Field Effect Transistor Measurement Circuits 

Figures 8 and 9 show the circuits for measuring transconductance under two differ- 

ent sets of test conditions. The circuit in Figure 8 was also used to monitor I and 

The circuit VGs, and the circuit i n  Figure 9 was also used to measure I 

shown in  Figure 10 was used to measure V (pinch-off voltage). 

D 

DSS ' 

P 

3.4 TEST ENVIRONMENT 

3.4.1 Pressure 

During the test al I specimens were at atmospheric pressure. 

3.4.2 Temperature 

Twenty 2N708 and twenty 2N918 transistor specimens were located in  an environ- 

mental chamber at a temperature of 75 f 2 C throughout the test. The remaining 

specimens were located in  an environmental chamber adjusted to hold the temper- 

ature at 30 f 2 C. Near the end of the test the temperature i n  this chamber in- 

creased because of  gamma heating. See Figures 1 1 and 12 for the temperature 

traces for the specimens located i n  the 30 C chamber. 

0 

0 

c 

0 

3.4.3 Nuclear 

The irradiation was performed in two radiation phases with a lapse of about one 

hour between phases. The first phase was conducted using neutron attenuation 

shielding interposed between the reactor and the specimens. The second phase was 

7 



without shielding. This latter phase was interrupted by a period of about 15 hours 

at zero reactor power. The neutron to gamma ratio was 2.6 x 10 nvt/r with shield- 
8 

ing and 1.5 x 10 nvt/r after shielding had been removed. During the irradiation 

both neutron and gamma radiations were monitored and recorded.* Isoline radia- 

tion flux plots were made for use in  data reduction. 

5 

A more detailed description of the GNL Nuclear Measurement System i s  contained 

in a previous report, viz; Components Irradiation Test No. 1, ER-6785, Georgia 

Nuclear laboratories, Dawsonvil le, Georgia. 

8 
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4 . 0  M E T H O D  OF D A T A  A N A L Y S I S  

The GNL Data Logging System recorded the parameter measurements in  type- 

written digital form and simultaneously punched the data i n  five-channel perfo- 

rated tape. A tape-to-card converter was used to transfer the data to IBM cards 

which were then programmed into an IBM 7094 computer to yield the parameters 

portrayed in the included graphs. 

Normalization of a parameter was accomplished by dividing each parameter value 

by i t s  corresponding pre-irradiation value. 

The mean parameter value for a data group, where shown, was computed by add- 

ing the individual specimen parameter values and dividing the sum by the number 

of specimens. 

The median parameter value for a data group (that value which divides a distribu- 

tion so that an equal number o f  items i s  on either side o f  it) was determined from a 

plot o f  the individual specimen parameter values on an arithmetic probability chart. 

The limits of the 68% envelopes were determined by picking off those values with- 

i n  which were contained 34% of the specimens next above the group median value 

and 34% of the specimens next below the groupmedianvalue. The l im i ts  of the 95% 

envelopes were found in  a similar fashion. The 7094 computer performed these 

functions. 

In those cases where the parameterof an individual specimen behaved significantly 

differently from the group median, these ‘‘unusual ‘I specimens have been portrayed 

separately. 

The 2N2498 specimens were located on two boards, numbers 7 and 8 (Figure 4). Be- 

cause the reactor had to be positioned higher than usual to accommodate the greater 

9 



vertical extent of the test arrangement, the flux f ield over these boards was such 

that the variation in  radiation exposure for individual specimens ranged from 27% to 

101% of the nominal exposure. Thiswide variation precluded treating al l  29speci- 

mens as a single group for statistical analysis. However, in order to obtain some statis- 

t ica l  intelligence from the data, the 29 specimenswere divided into three groups. One 

group contained 14 specimenswith accumulated neutron fluxes ranging from 80% to 

101% of the nominal, a second group contained 8 specimens with accumulated neutron 

fluxes from 59% to 77%, and the last group had 7specimenswith accumulated fluxes 

from 27% to 47%. Mean parametervalueswere calculated for eachgroupand these 

meanswere plotted at the respective groupaverage integrated neutron fluxes. The max- 

imum and minimum parameter valueswere also plotted. These plotted pointswere used 

to delineate the means and envelopesshown in  the figures portraying the 2N2498 data. 

The envelopes correspond approximately to the 95% envelopes shown inother figuresof 

this report. The post-test values shown in  these figures are thoseobtained from the 14 

specimen groupas thiswas the group experiencing the maximum integrated neutron flux. 

Radiation environmental data shown in  the figures' abscissae were obtained by in- 

tegrating, w i t h  respect to time, the gamma dose rates and neutron fluxes. Those 

figures which show "Percent Failed Versus Integrated Neutron Flux" were prepared 

in  a manner similar to the procedure described by Mr. Frank W. Poblenz in  an ar- 

t icle entitled "Analysis of Transistor Failure in  a Nuclear Environment", which ap- 

peared in  Volume NS- IO,  Number 1, January 1963, of the IEEE Transactions on 

Nuclear Science. This type of presentation enables the circuit designer to predict 

with 50% confidence the radiation level at which any given percentage of the par- 

ticular component wi l l  equal or exceed the failure criteria, 

Copies of the reduced data from which the graphs were prepared are on f i l e  in  the 

Astrionics Laboratory of the George C. Marshall Space Flight Center, NASA, 

Huntsville, Alabama, and the Georgia Nuclear Laboratories, Lockheed-Georgia 

Company, Dawsonvil I e, Georgia . 



5 . 0  T E S T  D A T A  A N D  D I S C U S S I O N  OF R E S U L T S  

The test data have been presented herein in graphical form. The radiation expo- 

sure is, in  al l  cases, a combination of neutrons and gamma rays. The abscissa 

scale on each of the graphs i s  accumulated neutrons/cm greater than 0.5 MeV. 

However, the coincident accumulated gamma dose (r) i s  also indicated at those 

points where changes in  the reactor power rate occurred. It i s  important to re- 

member that the total radiation exposure consists of both neutrons and gamma rays 

and that each may contribute, in  varying degrees, to the degradation of a compo- 

nent's parameter. 

2 

5.1 TYPE 2N708 TRANSISTOR 

0 
Twenty specimens were irradiated at a constant 75 f 2 C. Twenty additional spec- 

imens were irradiated in  a chamber adjusted to 30 * 2 C; however, gamma heat- 

ing during the latter part o f  the test caused the temperature i n  the chamber to rise 

above the specified l imits. Temperature data for these specimens are shown in  Fig- 

ure 1 1 .  

0 

5.1.1 2N708 Specimens Irradiated at  7 f C  

The hFE Parameter 

Figure 13 shows the normalized h 

nuity i n  the median at the point of shield removal indicates that the gamma compo- 

nent o f  the irradiation contributed significantly to the degradation i n  h 

specimen displayed a significant increase in  h during the first part of the irradi- FE 
ation. This specimen i s  shown in  Figure 14. The post-test measurements taken a- 

bout 66 hours after the end of the test indicated no annealing of the h 

data for these specimens. The slope disconti- FE 

One FE 

parameter. FE 

Figure 15 shows the failure (50% decrease in h ) pattern for the group. Init ial 
FE 

1 1  



values of h and order of failure were: FE 

h~~ 0 

37.36 

38.14 

42.13 

42.40 

43.03 

43.03 

44.99 

45.64 

46.06 

47.24 

49.75 

50.84 

51.50 

52.44 
52.72 

54.06 

54.34 

55.24 

63.78 

65.07 

Order of Fai I ure 

15 
5 

19 

10 

8 

3 

17 

14 

13 

20 

1 1  

6 

2 

1 

16 

18 

4 
12 

7 

9 

These data show a slight correlation between high values of h and early failure. 
0 

FE 

The h. Parameter 
l e  

The normalized h. 

data to the normalized h 

data are shown in  Figure 16. The general similarity of these 
i e  

data shown in  Figure 13 may be explained by the FE 

12 



relationship: 

where r = base spreading resistance, and b 
r = emitter junction resistance. 
e 

Since h = h the expression may be written: 
fe  FE 

h. w rb + (hFE + 1)r . 
l e  e 

Normally (h + 1)r i s  the predominant factor and thus controls h. . FE e l e  

The fact that normalized h. (Figure 16) decreased at a rate L i E x n t  from normal- 

ized h 

changed by the irradiation. 

i e  
(Figure 13) indicates that either r or r , or both, may have been FE b e 

There appeared to be a slight annealing of h. during periods of  zero reactor rate. 
l e  

5.1.2 2N708 Specimerf. Irradiated at 3OoC 

The hFE Parameter 

The normalized h 

data also show a discontinuity in the slope of  the median at the point of shield re- 

moval indicating a significant contribution by the gamma irradiation to the degrad- 

ation o f  h 

data for these specimens are shown i n  Figures 17 and 18. These FE 

FE' 

The failure (50% decrease in  h 

comparison of Figures 15 and 19 shows no significant difference between the failure 

) pattern for the group i s  shown in  Figure 19. A FE 



0 
pattern of those specimens irradiated at 75 C and that of  those specimens irradiated 

at 3OoC. 

Initial values of  h and order of failure were: FE 

0 
h~ E 

31.05 

31.08 

31.79 

33.32 

34.00 

36.32 

36.51 

3 8 . 4  

38.70 

39.20 

39.84 

41.50 

42.20 

42.36 

45.25 

46.67 

47.15 

50.33 

51.01 

54.00 

Order of Failure 

14 

1 1  

17 

15 

7 

12 

19 

8 

10 

9 

2 

3 

18 

20 

6 

1 

5 

16 

13 

4 

The data also show a slight correlation between high value of  hFE and early fail- 

ure. 
0 



The h. Parameter 
l e  

The normalized h. 

concerning the h. 

data are shown i n  Figure 20. The remarks of paragraph 5.1.1 

Parameter apply to the general similarity o f  Figures 17 and 20. 
l e  

l e  

These specimens, i n  contrast to those at  7 f C ,  showed no significant annealing of 

h. during periods of zero radiation. 
l e  

5.2 TYPE 2N918 TRANSISTOR 

0 
Twenty specimens were irradirated at a constant 75 f 2 C. Twenty additional 

specimens were irradiated i n  a chamber adjusted to 30 f 2 C; however, gamma 

heating during the latter part o f  the test caused the temperature i n  the chamber 

to rise above the specified l imits. Temperature data for these specimens are shown 

in  Figure 11. 

0 

5.2.1 2N918 Specimens Irradiated at 7 9 C  

The hFE Parameter 

The hFE data for these specimens are presented in  Figures 21 and 22. The contri- 

bution of the gamma component of the irradiation to the degradation of h 

evidenced by the slope discontinuity of the median at the point of shield removal. 

This discontinuity i s  not very pronounced in the case of the ''unusual 'I specimen 

(Figure 22), and may indicate that this specimen was more gamma-resistant than 

were the other specimens. This may explain why this specimen was the last i n  the 

group to fail. 

i s  FE 

Figure 23 shows the failure pattern for these specimens. Init ial values of  h and 
FE 

order o f  failure were: 



Order o f  Fai I ure 
h~~ 0 

10.78 

34.72 

34 * a3 

37.55 

37.07 

39,20 

41.40 

42.00 

42.18 

42.91 

43.27 

46.19 

49.36 

51 “27 

57,47 

61 * 16 

62 e 39 

62.47 

100.90 

19 

17 

15 

1 1  

16 

10 

6 

9 

8 

14 

5 

12 

4 

1 

13 

2 

3 

18 

7 

(The data obtained from one specimenwere not useable .) 

These data show fairly good correlation between high values of h 

fa i l  urea 

and early 
0 

FE 

The h. Parameter 
le 

Figure 24 shows the normalized h. data for these specimens. The discussion i n  
le 



paragraph 5.1 .1 concerning the h. 

tween Figures 21 and 24. 

Parameter applles to +he general similarities be- 
i e  

There appeared to be a slight annealing of h. during periods of no irradiation. 
l e  

5.2.2 2N918 Specimens Irradiated at  3OoC 

The hFE Parameter 

The normalized h 

teristic slope discontinuity i n  the median at the point o f  shield removal also appears 

i n  this figure. 

data for these specimens are shown in  Figure 25. The charac- 
FE 

Figure 26 shows the failure pattern for the group. A comparison of  Figures 23 and 

26 shows that the group irradiated at 7 9 C  (Figure 23) had slightly greater radi- 

ation tolerance than did the 30 C group. Init ial values of h 

ure were: 

0 
and order of fail- FE 

h~~ 0 

22.41 

26.13 

28.81 

29.56 

30.93 

34.01 

34.58 

34.71 

37.87 

38.40 

Order of Failure 

15 

14 

16 

20 

18 

12 

17 

9 

8 

5 

17 



h ~ ~ -  Order of  Failure 
v 

(Con t i n ued) 

39.43 

40.89 

41.32 

43.96 

47.37 

52.08 

52.08 

52.88 

53.17 

53.36 

13 

10 

19 

4 

7 

1 1  

3 

1 

2 

6 

These data show good correlation between high values of  h and early failure. 
0 

FE 

The h. Parameter 
l e  

The normalized h. 

concerning the h. 

and 27. 

are shown in  Figure 27. The discussion in  paragraph 5.1.1 

Parameter applies to the general similarities between Figures 25 
re  

l e  

There appeared to be no annealing of h. 

was in contrast to the 75 C specimens. 

during periods of  no irradiation. This 
l e  

0 

5.3 TYPE S2N1486 TRANSISTOR 

Ten specimens were irradiated in  a controlled temperature chamber adjusted to 30 

f 2 C. However, gamma heating during the latter part of  the test caused the tem- 

perature to rise above the design limits. Figure 1 1  shows the temperature trace for 

these specimens. 

al l  the specimens. 

0 

Note that the rise in temperature occurred well after failure of  

18 



5.3.1 The hFE Parameter 

Figure 28 shows the normalized h 

contribution of gamma rays to the degradiation of  h 

slope discontinuity of the median at the point o f  shield removal. 

data for these specimens. The significant FE 
i s  again evidenced by the FE 

The failure pattern for the group i s  shown in  Figure 29. These transistors showed a 
10 2 

comparatively low radiation tolerance. A l l  failed before 6 x 10 n/cm had been 

accumulated. Initial values of h and order o f  failure were: FE 

Order of Failure 
h~~ 0 

32.32 

32.88 

33.84 
35.00 

35.18 

37.44 

39.60 

39.97 

42.09 

44.38 

9 

3 
4 
10 

8 
7 

5 
2 

1 

6 

These data show a slight correlation between high values of  h and early failure. 
0 

FE 

5.3.2 The h. Parameter 
ie 

The normalized h. 

similarities between Figures 28 and 30 may be explained by the remarks of  para- 

graph 5.1 . 1  concerning the hie Parameter. 

data for these specimens are shown in  Figure 30. The general 
l e  

19 



5.4 TYPE S2N2412 TRANSISTOR 

Twenty specimens manufactured by Texas instruments were irradiated in  a control led 

temperature chamber adjusted to 30 f 2 C. During the latter part of the test the 

temperature rose above the designed limits because of gamma heating. Figure 12 

shows the temperature trace for these specimens. 

0 

5.4.1 The hFE Parameter 

The normalized h data for the specimens are shown in  Figure 31. FE 

A significant contribution by the gamma component of the irradiation to the degrad- 

ation of h 

shield removal. 

i s  evidenced by the slope discontinuity in  the median at the point of FE 

The failure (50% degradation of h 

Init ial values of h 

) pattern for the group i s  shown in  Figure 32. FE 
and order of failure were: 

FE 

h~~ 0 

52 I 22 

54.87 

56.04 

61.29 

64 48 

69.92 

70.69 

74.43 

74.56 

74.97 

Order of Failure 

19 

20 

6 

4 

17 

10 

12 

3 

7 

16 

20 



0 
h~~ 

74.97 

79.14 

80.42 

80.94 

85.77 

85.80 

87.65 

97.13 

99.02 

112.30 

Order of Fai I ure 

(Con t i n ued) 

13 

9 

2 

14 

8 

18 

1 

15 

5 

1 1  

These data show no correlation between h and order of failure. 
0 

FE 

5.4.2 The h. Parameter 
l e  

Figure 33 shows the normalized h. data for the group. The remarks made in  para- 

graph 5.1.1 concerning the h. Parameter are applicable to the general similarities 

between Figures 31 and 33. 

l e  

l e  

5.5 TYPE 2N2498 FIELD EFFECT TRANSISTOR 

Twenty-nine specimens manufactured by Texas Instruments were irradiated in  a 

controlled temperature chamber adjusted to hold the temperature at 30 f 2 C. 

However, during the latter part of the test, gamma heating caused the temperature 

to rise above the designed l imits. The temperature data for the specimens are shown 

in Figure 12. 

0 

The wide variations i n  radiation exposure among the specimens necessitated some 

21 



compromises in the analyses of the data obtained. The methods used in  data analy- 

s i s  and presentation are explained in Section 4.0. 

5.5.1 The lDSS Parameter 

data obtained are shown in  Figure 34. This parameter remained essential- 

15 2 

13 2 The 'DSS 
ly constant up to an exposure of 10 

steadily and reached essentially zero at 1.7 x 10 

(66 hours later) showed no annealing. 

n/cm , but after this point I declined DSS 
n/cm . The post-test readings 

5.5.2 The Vp Parameter 

Figure 35 presents the V data for these specimens. V showed a slight decline be- 

fore the LiH shield was removed. After removal of the shield V slowly increased 

to about its original value at 2 x 10 

hour shutdown period irradiation was continued at  a reactor power of 3 megawatts. 

During this period V 

urements taken immediately after reactor shutdown showed a mean V value of a- 

bout 1 volt. This  would indicate that the increase in  V was a radiation rate ef fect  P 
probably due to leakage within the specimen. The post-test measurements (66 hours 

later) showed a slight annealing of the V parameter. Also, a slight annealing was P 
noted during the 15 hour shutdown period. 

P P 

13 2 P 
n/cm then began to decrease. After the 15 

increased, rapidly at first, then more slowly. However, meas- 

P 

P 

V data for one unusual specimen are shown i n  Figure 36. P 

5.5.3 Transconductance Parameters 

Two transconductance measurements were made: 

(a) gm was measured at V 0, VDs 2 15V, and ID = lDSS (Vgs 50mV)t GS 
0 

and 

22 
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(b) gm at I = 350pA, VDs g 15VDC. D 1 

The g Parameter 
m 

0 

Figure 37 portrays the g 

was noted at the point of shield removal indicating that the gamma component of 

the irradiation contributed to the degradation of g . A steady decrease in  g 
13 2 0 0 

began at about 4 x 10 n/cm and continued until g reached almost zero at 
m 

1.7 x 10 n/cm . The post-test measurements (66 hours later) showed no anneal- 

ing of this parameter. 

data. A small discontinuity in  the slope of the mean m 
0 

m m 

15 2 0 

Failure points for the specimens were determined assuming failure occurred when 

was 50% of  i t s  pre-test value. The resulting failure pattern i s  shown in  Fig- 
'rn 
~1-238. 

Init ial  values of g and order o f  failure were: 
m 

0 

9 (pmhos) Order of Failure 
m 

0 

1857 

1999 

2002 

201 6 

2086 

21 42 

21 87 

2230 

2249 

2274 

2279 

23 

24 

8 

16 

18 

29 

2 

25 

6 

1 

1 1  

10 



9, (Clmhos) 
0 

2286 

2296 

231 9 

2328 

2339 

234 1 

2402 

2443 

2456 

252 1 

2572 

2644 

2649 

26 78 

2695 

272 1 

2802 

2976 

Order of Fai I ure 

(Co n t i n ue d) 

19 

20 

7 

4 

14 

5 

21 

9 

23 

13 

17 

12 

28 

22 

26 

15 

27 

3 

These data show no correlation between in i t ia l  values of g and order of failure. 
m 

0 

The g Parameter 
ml 

The g The general behavior of this parameter was 

more constant during irradiation than g , probably because of the constant ID . 
m 

Note that gm falls off only slightly up to the point where ID falls above the de- 

No useable data were obtained beyond 5 x 10 gradated I DSS. 

not be maintained at 350pA for a l l  specimens beyond this point. 

data are shown in  Figure 39. 
ml 

0 

14 2 
n/cm as ID could 

1 
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Board 
Number 

1 

2 

3 

4 

5 

6 

7 

& 

8 

Parameter I 
TABLE 1 TEST SPECIMENS AND TEST CONDITIONS 

Remark! Description 

VCE = lV, I C  = lOmA 

VCE = lV, IC= lOmA 

'B 

20 

= lOpA at l kc  

rransistor, 2N708 

VPN, Si, Fair- 

:hild 

h~~ 
750c h. l e  

rransistor, 2N708 

NPN, Si, Fair- 

zhild 

VCE = 5V, IC = lOmA 

VCE = 5V, I C  = lOmA 20 

= lOpA at l kc  I B  

rransistor, 2N918 

NPN, Si, Fair- 

zhild 

h~~ , 

30° C 
h. i e  

Transistor, 2N918 

NPN, Si, Fair- 

child 

Transistor, S2N- 

1486, NPN, Si, 

S i  I icon 

Transistor, S2N- 

2412, PNP, Si, 

Texas Instrument 

Transistor, 2N- 

2498, P Chan- 

nel, Si, Texas 

lnstrumen ts  

I dumber 
Test 

Conditions 

VCE= lv, IC= 1OmA 

20 VCE= lV, IC= lOmA 

= lOpA at l kc  

VCE = lV, I C =  lOmA 

20 11 VCE = lV, IC = lOmA 3OoC 

= 10pA at l kc  

~~ 

VCE = lV, IC= 1OmA 

VCE = lV, IC= 1OmA 20 

= lOpA at l kc  1 1 1  = 4V, IC = 750mA 

30°C 10 

= 15mAat l kc  

29 30°C 

c 

'D - 3.5pA,V DS 15v vP 

25 



TABLE 2 MANUFACTURERS' SPECIFICATIONS FOR TEST SPECIMENS 

= iV, IC = lOmA, T = 25OC 
'CE 

/TIP. 
hFE = 30 min., pulsed 2N708 t- 2N918 

S2N 1486 I- 
r 2N2498 

Spec i f  i cat ion I Co nd i t ions 

= 3V, IC = 30mA, T = 25'C 
'CE 

1 hFE = 20 rnin. 

VCE = 4V, IC = 750rnA, T = 25'C 1 hFE = 35 to 100 

= 0.5V, I C  = 10mA, T = 25'C I hFE = 55 'CE 

= 2.OmA 
ID 

I ho = 1500pmhos rnin. 

. 
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FIGURE 15 2N708 FAIRCHILD, 79C,  PERCENT FAILED 
VERSUS INTEGRATED NEUTRON FLUX 
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FIGURE 19 2N708 FAIRCHILD, 3OoC, PERCENT FAILED 
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FIGURE 29 S2N1486 SILICON TRANSISTOR CORPORATION, 3OoC, 
PERCENT FAILED VERSUS INTEGRATED NEUTRON FLUX 
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FIGURE 32 S2N2412 TEXAS INSTRUMENTS, 3OoC, PERCENT 
FA1 LED VERSUS INTEGRATED NEUTRON FLUX 
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